In selected sample plots which included pine forest plantations, pine young growth, small pole stage of pine, pine high forest, mixed pine/oak stand, beech stand and unforested land the bionomics and the abundance of grubs were studied between two swarmings of M. hippocastani F. cockchafers in the period from 2003 to 2007. On the basis of correlations between the abundance of grubs and course of daily temperatures during swarming, and characteristics of the sample plots, particularly the degree of shading, we evaluated the factors which affected the M. hippocastani F. females in their choice of the locality for laying eggs. The correlation between the abundance of grubs and the shading of the locality was evaluated statistically. On the basis of checks of the soil probes the development of grubs and changes in their numbers were monitored in the period from 2004 to 2006.
JOURNAL OF FOREST SCIENCE, 55, 2009 (7): 330-338 In the areas of mass outbreak the grubs of Melolontha hippocastani F. feed on the roots and cause considerable losses of forest tree species, namely pine, oak, linden and others. Grubs developing in one-and two-year plantings have the greatest impact on forest regeneration. The most endangered cultures are cultures established two years after the main swarming, i.e. at the time when the freshly planted plants are exposed to the feeding of grubs of the 2 nd and 3 rd instar in the two following vegetation periods. In terms of forest protection we must explore the climatic, ecological and economic factors to be able to explain what affects the egg-laying of females and the following feeding of grubs in high-risk localities, i.e. particularly in 1-to 5-years old forest plantations.
The objective of the study and the studied region
The objective of the study was to explore the life history (development and movement of grubs in the soil, width of the head of grubs) and to survey the abundance of grubs in the period between two swarmings of M. hippocastani F. in the years 2003 to 2007 in selected sample plots including pine forest plantations, pine young growth, small pole stage of pine, pine high forest, mixed pine/oak stand, beech stand and unforested land (Table 1) . On the basis of correlations between the abundance of grubs and characteristics of the sample plots, particularly the degree of shading, to evaluate what factors affected the M. hippocastani F. females in their choice of the locality for laying eggs in 2003. The findings will be specified on the basis of similar investigations to be carried out in the following development cycle of M. hippocastani between 2007 and 2011.
Investigations were conducted in the Vracov locality (coordinates 48°58'6''N, 17°13'14''E) (Fig. 3) .
MATERIAL AND METHODS

In
Research was conducted from April 2003 to May 2007. Field investigations were focused namely on monitoring the development and abundance of grubs in 50 × 50 × 50-60 cm soil probes. Soil was checked in various types of forest stands; pine forest plantations of 1 to 5 years of age; pine stand of 14, 31 and 97 years of age; 89-years-old mixed pine/oak stands; 55-years-old beech stand; and unforested area. Basic check in the particular years was conducted in April-May; in 2004 , 2005 and 2006 the abundance and the development stage of grubs were checked on a total area of 22 m 2 , 39 m 2 and 66 m 2 , respectively. Apart from that random checks of the development of grubs were conducted on a monthly basis on an area of 1 m 2 . The width of the head of grubs obtained from the soil probes was measured under a binocular. In total we measured 129, 174 and 338 1 st instar, 2 nd instar and 3 rd instar grubs, respectively.
The difference between the abundance of grubs and degree of shading was assessed statistically using the analysis of variance (ANOVA). Repeated measurements with ANOVA were used for evaluat- we discovered that in the period of the 2 nd and 3 rd instars the differences in the numbers of grubs in the respective localities remained but they gradually decreased (see Table 3 and Fig. 5 ) probably because the grubs gradually spread over the area and due to the impact of natural enemies. Not shaded (6, 7) 5 0 2 The highest initial number of 1 st instar grubs in 2004 was discovered on heavily shaded areas; on average 75 grubs/m 2 ; on medium shaded areas on average 17 grubs/m 2 and on not shaded areas on average 5 grubs/m 2 (see Table 4 and Fig. 6 ). Overall evaluations of the reduction in grub numbers on all localities in the Vracov region in the period from 2004 to 2006, i.e. in period of the 1 st to 3 rd instar of grubs, showed that the numbers of grubs considerably declined to 16% due to natural opponents and unfavourable natural effects, i.e. to one fifth to one sixth of the initial number (see Fig. 7 ).
The results of statistical evaluations are as follows:
In terms of the degree of shading we only very "narrowly" proved a statistically significant difference in the number of individuals (p = 0.04) at a significance level of α = 0.05; the greatest difference (on the "margin" of a significant difference) was observed between the heavily shaded localities and those that were not shaded at all. In localities where shading was only medium the abundance of grubs did not differ significantly from the other localities. The high variability in the number of grubs recorded in 2004 and the generally small selection greatly affected the statistical analysis of the abundance based on the particular years using ANOVA with repeated measurements; the result is considerably wide intervals of reliability. This is the reason why no statistically significant difference between the particular years (p = 0.16) was found at the α = 0.05 level of significance; however, because the requirements for the non-parametric ANOVA were not met, this method is not very significant. of 1 st instar grubs ranged between 1.2 and 2.8 mm, most frequently between 2.4 and 2.6 mm, of the 2 nd instar grubs the head width ranged between 3.6 and 4.6 mm, most frequently 3.8 to 4.2, and the width of the heads of 3 rd instar grubs ranged between 5.4 and 7.2 mm, most frequently 6.0 to 6.4 mm.
The differences in the numbers of grubs found in soil probes in April and May 2005 and 2006 indicated that the grubs climbed up into the top soil layers gradually in dependence on the increasing temperature. The numbers of grubs detected in April reached 38-44% of the final numbers found in May (see Table 5 and Fig. 11) .
Information on the bionomics of M. hippocastani F. grubs collected in 2003 to 2006 corresponds with information of Hůrka (1955) , who explored the bionomics and behaviour of grubs in the surroundings of Stará Boleslav in 1951 to 1954. The author pointed out that the vertical movement of grubs in the soil was affected to the greatest extent by the temperature (air temperature and subsequently the soil temperature). In spring the grubs move up when the temperature of the wintering soil rises to 7-10°C and in autumn they descend when the temperature of the inhabited soil layer cools down to 10-11°C. The grubs stay in the top layers of soil (ca 20 cm) on average five months (May to September) and in the year of swarming only two months. . hippocastani F., i.e. after 2007 (2008-2010) because in 2007 the eggs were laid under different meteorological conditions. The relation between the rate of shading of the locality and the abundance of grubs will be specified. 
CONCLUSION
